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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND 
EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH 
AND SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGA- 
TIONS UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3, INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT, NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS, SOMETIMES A 
ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS 
REVIEW CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT AS AN 
OPERATIVE API STANDARD FIVE YEARS AFTER ITS PUBLICATION DATE AS 
AN OPERATIVE API STANDARD OR, WHERE AN EXTENSION HAS BEEN 
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION CAN BE. 
ASCERTAINED FROM THE API AUTHORING DEPARTMENT [TELEPHONE (202) 
682-8000]. A CATALOG OF API PUBLICATIONS AND MATERIALS IS PUBLISHED 
ANNUALLY AND UPDATED QUARTERLY BY API, 1220 L STREET, N.W,, 
WASHINGTON, D.C. 20005. 
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FOREWORD 


This publication is intended as a guide for the design. installation, operation, and praving 
of meters and their auxiliary equipment used in metering viscous hydrocarbons. 

API publications may be used by anyone desiring fo do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict, 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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CHAPTER 6—Metering Assemblies 


SECTION 7—_METERING VISCOUS HYDROCARBONS 


6.7.1 


This publication is intended as a guide for the design, 
installation, operation, and proving of meters and their 
auxiliary equipment used in metering viscous hydrocarbons. 

The objective of this publication is to stress the differences 
between metering high-viscosity hydrocarbons and the nor- 
mal application of metering less viscous hydrocarbon liquids, 

In general, the contents of Chapter 4, Chapter 5, and 
Chapter 12.2 of this manual apply. This publication supple- 
ments Chapters 4 and 5 and Chapter 12.2, in the field of 
metering viscous hydrocarbons. For example, some opera- 
tions require purging the viscous liquids from the lines to 
prevent congealing during idle periods or to prevent con- 
tamination. If the air or gas used to displace the liquid is 
pumped through the meter when the lines are being refilled, 
the meter may operate at excessively. high rates. This 
misoperation can damage the moving parts of the meter and 
will cause erroneous meter registration. The recommenda- 
tions in this chapter should help to avoid misoperation, and if 
followed, the recommendations should protect the meter from 
damage and inaccurate measurement because of entrapment 
of air or gas. When alternative procedures are given, the 
recommendations of the meter manufacturer should be 
followed. 


Introduction 


6.7.2. Scope and Field of Application 


This chapter defines viscous hydrocarbons and describes 
the difficulties that arise when viscous hydrocarbons are 
raised to high temperatures. The effects of such temperatures 
on meters, auxiliary equipment, and fittings are discussed, 
and advice and warnings to overcome or mitigate difficulties 
are included. 


6.7.3 Referenced Publications 


API 
Manual of Petroleum Measurement Standards 

Chapter 1—“Vocabulary” 
Chapter 4-—Proving Systems” 
Chapter 4.2, “Conventional Pipe Provers” 
Chapter 4.3, “Smail-Volume Provers” 
Chapter 4.5, “Master-Meter Provers” 
Chapter 4.4, “Fank Provers” 
Chapter 5—“Metering” 
Chapter 5,2, “Measurement of Liquid 
Hydrocarbons by Displacement Meters” 
Chapter 5.3, “Measurement of Liquid 
Hydrocarbons by Turbine Meters” 
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Chapter 7,2, “Dynamic Temperature Deter- 
mination” 

Chapter 12.2, “Calculation of Liquid 
Petroleum Quantities Measured by Turbine 
or Displacement Meters” 


6.7.4 Definitions 


A viscous hydrocarbon is any liquid hydrocarbon that 
requires special treatment or equipment when it is handled or 
stored because of its resistance to flow. Another liquid that 
does not need these precautions might have some of the 
characteristics or present some of the measurement problems 
characteristic of viscous liquids. Examples of liquid 
hydrocarbons that are generally considered as viscous are 
those with viscosities greater than 100-400 centipoise (cP) 
milliPascal-seconds (mPa-sec), such as No. 5 and No. 6 
bunker fuels, asphalts (both penetration grades and cutbacks), 
most lubricating oils and grease components, and some crude 
ails. 

Definitions of other terms can be found in Chapter 1 of this 
manual. 


6.7.5 Installation and Selection of 
Meters and Auxiliary Equipment 


6.7.5.1 INSTALLATION 


The provisions of Chapter 5 should be followed in select- 
ing and installing meters and auxiliary equipment. The selec- 
tion of air removers (eliminators) is of particular importance 
when they are used in viscous liquid service, and their selec- 
tion is discussed separately in this publication. 

Tf the meter is to be installed in a vertical Jine, special 
consideration should be given to equipment design. Some 
types of meters are not designed for vertical installation, and 
the performance of these types could be affected, 

Because of the various types of meters available and the 
wide differences in liquid and measurement conditions, it is 
important that the meter manufacturer be given complete 
information on the proposed application, The information to 
be provided is listed in 6.7.5.2. 


6.7.5.2 SPECIAL METER CONSTRUCTION 


Many viscous liquids are heated to reduce viscosity and 
facilitate handling. If the viscous liquids are to be heated, 
certain special details in the meter’s construction and 
manufacture are required, Extra clearance between moving 
parts may be provided to prevent excess stressing of internal 
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parts because of viscous shear and to allow for thermal growth 
because of high operating temperatures. Certain viscous 
liquids may contain corrosive materials, and this corrosivity 
imay be increased as liquid temperature increases. When 
corrosion is significant, the metallurgy of the meter and its 
trim and auxiliary equipment must be able to resist it, 

At elevated temperatures, special meter construction 
materials may be required. When dissimilar metals are used, 
the high temperature may cause mechanical interference 
resulting from differences in metal expansion, particularly 
when liners or lining sleeves are used. The use of devices such 
as ventilated counter extensions may be necessary to separate 
the counter and the meter adjuster from the heat source. 

Meters used in the transfer of liquids at elevated tempera- 
tures are often fitted with autornatic temperature compen- 
sators that automatically adjust the counter registration to 
60°F. These compensators are designed to cover a certain 


range of operating temperatures. When 2 registration adjusted 


to 60°F is desired, the range of operating temperatures and 
the density of the liquid or its coefficient of expansion must 
be accurately specified. Operating a temperature compen- 
sator at temperatures above the design range will result in 
inaccurate registration and may damage the device. Standby 
temperature during idle periods may exceed the design 
temperature rating and may damage the automatic tempera- 
ture compensator or the moving parts of the meter. The meter 
manufacturer can make specific recommendations for the 
intended operating conditions to minimize the possibility of 
these problems. The manufacturer should be provided with 
the following information: 


Flow rate range at maximum and minimum viscosity. 
Maximum and minimum operating pressure. 

Maximum and minimum temperature. 

Anticipated standby (or off-duty) temperature. 

. Viscosity of fluid at maximum and minimum tempera- 
tures (Saybolt universal second, centipoise, or any other 
recognized viscosity indication), 

f. Relative density of fluid at minimum and maximum 
temperatures. 

g. Type of proving equipment under consideration. 

h. Nature and amount of any corrosive elements present. 

i, Nature and amount of any abrasive elements present. 

j. Compatibility (or noncompatibility) of construction 
material with the fluid, 

k. Maximum allowable pressure drop. 

1, Linearity (accuracy) over the flow rate range. 


gaeoe 


6.7.5.3 DISPLACEMENT METERS 


Displacement meters may exhibit different performance 
characteristics on viscous fluids. Meter performance in a 
displacement meter is affected by meter slippage. There is 
considerably less slippage through a meter as liquid viscosity 
increases. Because overall slippage is much less with viscous 
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liquids, changes in viscosity may not cause significant chan- 
ges in meter aceuracy. At viscosities above 100 cP (mPa-sec), 
many displacement meters are said to have “zero slippage.” 

Some types of displacement meters can handie any viscous 
liquid that can be pumped, whereas others may be limited to 
handling liquids of specified maximum viscosities. 

At less than maximum viscosities, increased meter 
clearances allow full flow rate, but at a specified maximum 
viscosity, maximum recommended flow rates need to be 
reduced. 

Meters provided with extra clearances for high-temperature 
or high-viscosity operation, or both, will operate under low- 
temperature or low-viscosity conditions; however, there will 
he some. reduction in the accuracy. 


6.7.5.4 TURBINE METERS 


The performance characteristics of turbine meters are 
altered considerably by changes in liquid viscosity. The varia- 
tions in the meter factor because of viscosity change is most 
noticeable when viscous fluids are metered, Turbine meters 
will also exhibit changes in the meter factor as the flow rate 
changes. These effects are most significant when viscous 
fluids are metered. However, when larger turbine meters will 
be operating over narrow flow ranges and when viscosity is 
not likely to vary either because of changes in temperature or 
changes in the liquid characteristics, acceptable accuracy 
may be obtained. The use of turbine meters on viscous 
hydrocarbons is generally considered impractical because 
normal changes in flow rate or viscosity would warrant 
re-proving the meter to achieve acceptable accuracies. 


6.7.5.5 METHOD OF HEATING 


Tf the liquid needs to be heated for ordinary pumping and 
handling, the liquid in the meter should be kept heated to 
reduce the viscosity to a practical flow condition and prevent 
solidification during idle periods. Accessory equipment, such 
as valves, strainers, and air eliminators, must be heated and 
insulated. This requirement is particularly necessary for air 
eliminator venting mechanisms and control valve pilots. 

For services in which the liquid is heated while in storage, 
the liquid may be kept in the line to the meter and the 
accessories may be heated by circulating the fiquid through a 
return line. This method is of particular value for tank trucks 
when auxiliary heating methods are difficult to provide. The 
return line should tee off as close to the meter inlet as possible. 
(See Figure 1.) In some applications, circulating the liquid 
through the entire meter system might be advisable; however, 
aimeans must be provided to prevent registration on the meter 
counter during such periods of circulation. An automatic 
method of controlling circulation and counter registration is 
suggested in this type of installation. Valves should be located. 
in the return line to permit easy control of flow. Solenoid—or 
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Figure 1—Meter installation With Return Line for Maintaining Heat at the Meter 


motor-operated valves—permit control of the circulation 
from a remote control point. 

Heating will reduce the viscosity of most liquids, and the 
best transfer function may be effected by a variety of devices 
or methods. When steam is available, the lines may be steam~ 
traced. Many recent installations use hot oil for tracing the 
lines, In either case, the meter and the accessories also can be 
heat-traced, When very viscous liquids are handled, steam- 
jacketed meters and accessory equipment may be needed. 
This equipment can also be used when hot oils ave the tracing 
medium. When steam, hot-oil tracing, and jacketing are not 
possible, electric heating can be used as an alternative 
method, In smalier installations, the use of electric-heating 
cable might be adequate and less costly, 

It is important that the temperature of the liquid be main- 
tained within a reasonably close limit because meter accuracy 
is affected by variations in meter temperature as well as by 
the resultant viscosity change. When the nature of the liquid 
fequires a temperature higher than would be advisable for 
safety, the installation should provide a means to minimize 
the danger, such as adequate splash guards, 

If a displacement meter is provided with extra clearances 
for a high-operating temperature, that temperature should not 
be exceeded, and the meter should be operated within a 
reasonable limit of this specified temperature. If the meter is 
operated at a higher temperature than that for which it is 
designed, interference between moving parts and excessive 
wear or damage may occur. 

The liquid temperature must be held below the point that 
might cause vaporization and result in inaccurate meter 
registration. In some cases, care must be exercised to preveint 
overheating of the liquid to a point where it might ignite when 
exposed to the atmosphere. Overheating can also cause 
coking or chemical changes in some liquids. 


6.7.5.6 AIR REMOVER OR ELIMINATOR 


itis difficult to separate entrained air or vapor from most 
viscous liquids. As viscosity increases, the time required for 
separating fine bubbles of air or vapor from the liquid in- 
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creases, The removal of entrained bubbles requires a large air 
eliminator tank to effect separation. In most instances, this 
approach is uneconomical in cost and required space con- 
siderations. 

The pumping of air or vapor should be prevented. A return. 
line, as mentioned previously, permits the system to be 
purged by returning any air or vapor to the storage tank. In 
effect, this method uses the storage tank as an air eliminator. 
When a return line can be used, circulation should be main- 
tained Jong enough to ensure that all air or vapor has been 
carried back to the storage tank. This need may be based on 
time, with liquid being pumped for a period more than suffi- 
cient to displace the original contents of the line to the meter. 

A new installation must be started carefully. The entire 
mnetering system should be filled at a reduced rate until all air 
pockets have been eliminated from the cquipment. An air 
pocket in a meter can result in damage if flow is stopped or 
started quickly, creating a surge pressure, 

Jn some installations, the liquid in storage tanks may 
contain ait or vapor bubbles, This situation could be caused 
by the method of heating or by pumping liquid into the storage 
at the same time that liquid is being pumped out. Some crude 
oils foam when heated, and the tank may need to settle before 
the product is withdrawn. A sampling device or method may 
be required with a testing system to determine when the air 
or vapor content is at an acceptable level. If this type of 
operation must be used without allowing sufficient time for 
separating the air or vapor, an air eliminator, designed for the 
pacticular operating conditions, is suggested. Therefore, the 
manufacturer should be consuited. 

When air or vapor nist be pumped and cannot be removed 
with a circulating line or return line, a block valve may be 
used to stop flow when air vapor is detected, (See Figures 2 
and 3.) Several systems use valves that are operated electri- 
cally or hydraulically or by air. A means is provided for 
detecting the presence of air or vapor in the pump, in the line, 
or in the air eliminator. The detector then actuates the block 
valve. With these systems, the amount of air or vapor that 
™must be eliminated is not large, and an air eliminator of 
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Figure 2—Truck Meter Installation With 
Block-Valve System 


moderate size should be sufficient. For example, tank truck 
meter systems and systems for unloading tank cars, barges, 
tankers, and transport trucks might require this type of 
system, 

The accuracy requirements of the installation are a major 
factor in determining the design of the air eliminator installa- 
tion. The removal of free air or vapor that might exist in the 
piping system may be all that is required, An air eliminator 
of moderate size could be used if the vent and vent lines are 
of adequate size to handle air at the maximum pumping rate. 

The type and size of system that will be needed to prevent 
the measurement of air or vapor are affected by the installa- 
tion design, pumping method, and operating methods. A 
centrifugal pump will not pump a large amount of air even on 
viscous products. A positive displacement pump will pump 
considerable quantities of air. The possibility of drawing a 
vortex when liquid level is low in the storage tanks can create 
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a problem. When lines’ are purged or evacuated between 
pumpings, large quantities of air may be pumped. 

The type or size of air eliminator equipment depends on 
the amount of air to be encountered, the form In which it will 
occur, the pumping rate, the viscosity of the liquid, and the 
overall accuracy kequirements of the installation. When the 
air eliminating equipment is selected, it is recommended that 
both precision and reliability be maintained. 


6.7.6 Meter Proving 


Meters in viscous liquid service may be proved by any of 
the methods outlined in Chapter 4. With some methods, 
certain precautions must be taken because of the viscosity or 
opacity of the liquid or its heated condition, When the liquid 
being measured is heated, the prover system should be insu- 
lated. 

In general, meters used on viscous liquids hold their ac- 
curacy longer and, as a rule, do not need to be proved as often 
as those used on lighter liquids, Choosing the proving method 
to be used will depend on several considerations. Any com- 
parison of proving methods should consider initial cost, space 
requirements, ease of operation, and the meter accuracy 
desired. For example, a meter that measures a viscous crude 
oil in a pipeline at a point of custody transfer would very 
likely require the highest degrec of accuracy obtainable, This 
need could justify a fairly expensive proving installation; 
therefore, a conventional pipe prover is recommended. (See 
Chapter 4.2.) However, in a dock installation, because space 
is at a premium, a small-volume prover might be selected, 
(See Chapter 4.3.) In some installations of this type, meters 
may be removed from the installation and transported to an 
onshore location for proving. Space limitations and other 
considerations could indicate that the master-meter method. 
of proving would be the most desirable. (See Chapter 4.5.) 


Connections 
\ for proving 


Figure 3—Line Meter Installation With Block-Valve System 
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For calculation of meter factors and measurement tickets, 
see Chapter 12,2. 


6.7.6.1 CONVENTIONAL PIPE PROVERS 


‘The use of conventional pipe provers for proving viscous 
liquids has an inherent advantage over tank provers because 
the wiping of the prover pipe’s walls by the displacer is more 
reproducible than it is with a tank prover. In a tank prover, 
clingage of liquid to the inside walls can be greatly affected 
by viscosity and, therefore, by changes in temperature, 


6.7.6.2 TANK PROVERS 


A tank prover can be used with viscous liquids. For max- 
imum accuracy, the prover should be designed for this 
specific use and properly operated as outlined below. If the 
tank prover is to be used on viscous liquids that are opaque, 
some methed should be provided for cleaning the sight or 
gauge glasses so that the liquid level can be read accurately. 
The prover should be calibrated in accordance with Chapter 
4.4, If the tank prover is calibrated with water or a liquid of 
low viscosity, a clingage film should be established by filling 
and emptying the prover with the viscous liquid to be handled 
in the installation before calibration. The prover should be 
calibrated by water filling rather than water draw, 

The clingage film may be only a film of the liquid being 
handied, but with some liquids, exposure to the atmosphere 
or air may cause oxidation of the film, Oxidation can result 
in a gradual increase of the clingage because one oxidized 
layer is foumed on top of the previous layer. With some 


liquids, wax incrustation can be a problem because of a 


pradual increase of the clingage film. 

Clingage is also affected by the temperature of the 
delivered proving draft and by ambient temperatures. The 
clingage is most pronounced when the liquid is not heated or 
when considerable time elapses between proving runs. If a 
tank prover is used on various liquids, the clingage film 
established with one liquid may be partially removed if the 
prover is used on a liquid that has a highet temperature. 

Tf the tank prover is to be used with various liquids cover- 
ing a wide range of viscosities, the prover should be calibrated 
with a clingage film from two or more representative vis- 
cosities to obtain maximum accuracy. This need may require 
different gauge scales, either at the top or the bottom neck of 
the prover, ‘l’o avoid confusion, the various zero points on the 
gauge scales should be clearly marked, 

When the clingage film on the prover walls might affect 
the volume of the prover, a preferable method would be to 
remove the film by spraying or washing the interior surfaces 
of the prover. However, the cone bottom and cone top of 
regular provers would not have sufficient angle for proper 
draining. A tank proverused with viscous liquids should have 
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a greater angle at the cone top and. cone bottom to ensure good 
drainage, 

A tank prover used with a viscous liquid should be 
calibrated with a fixed time allowed for draining. This drain- 
ing time should be used when the prover is initially filled and 
emptied for establishing clingage. The draining time then. 
becomes part of the prover calibration and should be used in 
any subsequent meter proving on viscous liquids. The drain- 
ing time and temperature should be stamped on a metal tag 
or label that is permanently attached to the prover. The tag or 
label should clearly show that the draining time must be 
observed for maximum accuracy of the prover. When various 
viscosities will be encountered, the tag should define the time 
required for each viscosity. 

The prover capacity should be sufficient for 1.5 to 2 
minutes of delivery time through the meter. When a tank 
proveris used, sufficient time should be allowed for entrained 
air to separate from the delivered liquid. During loading, 
many liquids foam, and the air must separate for volume to 
be determined accurately. 


6.7.6.3 GRAVIMETRIC PROVING 


in many installations, a feasible method for proving the 
meter may he by weight of delivered quantity. If this method 
is used, the parties must agree on the details of procedure and 
calculation, This procedure is not covered in Chapter 4, 

Any gravimetric proving method is only as accurate as the 
weigh scale being used as a standard and the accuracy with 
which the density is determined. For maximum accuracy, the 
scale to be used as a standard should be checked before 
proving by a qualified scale-testing organization. The ac- 
curacy of the scale should be checked over the complete 
range. At a minimum, the scale should be verified in the 
tanges that will encompass the weight of the prover or con- 
tainer when empty and when full, 


6.7.6.4 MASTER-METER PROVING 


Although doing so is one step removed from the standard 
prover, it may be more convenient to prove meters on viscous 
liquids by the use of a master meter. (See Chapter 4.5.) 

‘The master meter must be proved on a liquid of viscosity 
and temperature comparable to that used in the meter instal- 
lation, particularly when. viscous liquids are handled in the 
lower temperature ranges. 


6.7.6.5 SMALL-VOLUME PROVERS 


Like the conventional pipe prover, a small-volume prover, 
when used for viscous liquids, has an inherent advantage over 
tank provers because of the wiping action of the piston in the 
prover’s cylinder; this action causes better reproducibility 
than tank provers. The smali-volume prover may save more 
space and time than conventional pipe provers. 
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6.7.7 Meter Operation 


The operation and maintenance of meters on viscous liq- 
ulds are subject vo whe general recommendations in Chapters 
§5.2.and 5.3. Many heavy liquids have some lubricating value. 
Consequently, long-meter fife can he expected. On the other 
hand, some crude liquids may contain high percentages of 
sand or foreign matter, These materials can drastically 
decrease meter-life, make special meter construction 
desirable, or require suitable accessory equipment for remov- 
ing the materials from the liquid. 

Meters should be operated on viscous liquids at a maxi- 
mum rate of flow less than the rated capacity on lighter 
liquids. This procedure reduces the stresses on the moving 
parts and bearings and also reduces the risk of cavitation or 
flashing in the meter. Maintaining back-pressute on the meter 
also reduces the risk of cavitation. The use of a rate-of-flow 
control valve will prevent exceeding the recommended rate. 
The type selected must be suitable for the viscosity of the 
liquid. 

When the lines are evacuated during idle periods (for 
example, when asphalts are handled), the operation should be 
established so that the air contained in the line will bypass the 
meter during start-up or will be otherwise eliminated, Meters 
may be damaged by the passage of air at high operating 
speeds, aud the meter registration would be etroneous. 

‘The temperature must be determined accurately whenever 
acommercial transaction is involved, This fact is cqually true 
for liquids that must be handled at clevated temperatures and 
for liquids that are heated only moderately. Accurate 
temperatures are necessary so that the volume delivered can 
be converted to the volume represented at 60°F. This conver- 
sion may be done mathematically or it can be done automat- 
ically by an automatic temperature compensator as part of the 
meter, The meter can be provided with buth net aud gross 
registration, 

The use of an automatic temperature compensator for 
lguids that are heated above 60°F gives a registration on the 
net counter that is less than the registration on the gross 
counter. For this reason, the net counter is usually not used 
for delivery purposes when the liquid is being delivered to a 
container such as a transport truck. In this type of delivery, 
the use of a gross counter for loading prevents overloading or 
spillage. 
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When correction to 60’F is performed mathematically, the 
average temperature of the delivery should be established as 
accurately as possible, One method is to maintain the liquid 
temperature at a constant value. If this Is not possible and the 
liquid temperature shows wide variations, it may be necessary 
to use an automatic flow-weighted temperature averaging 
device, a temperature recorder or to take frequent readings of 
the temperature during the delivery. This procedure may be 
performed by using a temperature probe in the line, in the 
meter housing, or in a rise. If the temperature is recorded on 
achart, the average must be determined to within the required 
accuracy as discussed in Chapter 7.2. 

Any testing or checking of an automatic temperature 
device for accuracy or performance characteristics should be 
made with thermometers that have accuracy characteristics 
commensurate with the function being performed, In this 
case, the thermometer is the standard for testing the automatic 
temperature device and, therefore, should have tolcrances in 
accordance with Chapter 7.2. 

A thermometer should be used that is calibrated in incre- 
ments of one-tenth of a degree Celsius or smaller. The testing 
procedure may vary with the manufacturer; therefore, the 
suggested procedure for the particular device should be 
followed. 

When the temperature may vary considerably, a meter 
with an automatic temperature compensator or an automatic 
flow-weighted temperature-averaging device may provide 
the most accurate determination of the net standards volume 
if the product temperature cannot be recorded accurately. 

Strainers should be included to protect the meter from 
foreign material. Coarse basket mesh may be used. When 
viscous liquids are pumped with pumps fitted with relief 
valves, the relief valves may not react fast enough, and high 
shut-off pressure may be experienced if the flow is stopped 
quickly. Any valves included in the installation for starting 
or stopping the flow should be of the slow-opening or slow- 
closing type. The time of opening or closing should be 
selected so that pump relief’ valves can react as intended to 
keep the pressure on the meter within design limits. 

A well-planned and executed inspection and maintenance 
program can contribute to the value of any meter system. 
Proving data can be especially valuable if they are recorded 
over time, A change in mcter factor between proving runs 
conducted under identical conditions may indicate the need 
for inspection or maintenance. 
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